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Stem cell niches provide a regulatory microenvironment that retains stem cells and promotes self-renewal.
Recently in Developmental Cell, Rinkevich et al. (2013) showed that cell islands (CIs) of Botryllus schlosseri,
a colonial chordate, provide niches for maintaining cycling stem cells that migrate from degenerated CIs to
newly formed buds.In adult animal tissues, stem cells are
stably maintained in their niche through-
out most, if not all, of an organism’s life
span. The niche achieves long-termmain-
tenance of stem cells through adhesion
molecule (cadherin, integrin, or other)-
mediated cell adhesion and controls their
self-renewal by orchestrating multiple
signaling inputs that prevent differentia-
tion (Morrison and Spradling, 2008).
In Botryllid ascidians (e.g., Botryllus
schlosseri), colonial marine protochor-
date organisms that undergo weekly
and synchronized cycles of asexual
development known as blastogenesis, a
population of somatic stem cells has
been identified in the anterior ventral
area of the endostyle (the ciliated feeding
hypobranchial groove, also known as the
endostyle [EN] niche) that contributes to
developing somatic tissues (Voskoboynik
et al., 2008). Although somatic tissues
undergo weekly waves of apoptosis and
phagocytosis, they can be regenerated,
and consequently colonies can live for
years. For regeneration, those stem cells
must escape from degenerating tissues
before their complete destruction by
migrating into new niches. In a recent
issue of Developmental Cell, a study by
Rinkevich et al. (2013) shows that distinct
stem cells in new locations known as cell
islands (CIs, named the CI niche), located
laterally to the endostyle, can migrate
from degenerating CIs to new buds via
blood vasculature, effectively escaping
the apoptotic wave and contributing to
somatic cell and germ cell lineages and
newly developed CIs. This finding can
adequately explain the regeneration of
whole organisms with complete repro-
ductive systems from experimentally
separated blood vessels, the phenom-
enon known as ‘‘whole body regenera-tion,’’ as blood vessels contain cycling
stem cells that are competent to form
new CIs and regenerate both somatic
and germline lineages.
Rinkevich et al. (2013) used three
different experimental strategies to
demonstrate that CIs contain stem cells
that contribute to both somatic tissues
and reproductive organs. First, gene ex-
pression results show that cells within
CIs express the molecular markers for
germ cells and somatic stem cells found
in the EN niche. CI cells express the
molecular markers for somatic stem cells
in the EN niche (Cadherin, Piwi, PKC,
STAT, etc.), germ cell markers (Nanos,
Vasa, and alkaline phosphatase), and
components for BMP, FGF, and Slit-
Robo pathways, indicating that CI cells
have somatic and germline stem cell
properties and can respond to FGF,
BMP, JAK/STAT, PKC, and Slit-Robo
signaling. This germline feature is shared
by pluripotent interstitial stem cells in the
hydra, but its importance in maintaining
stem cells has not been experimentally
tested (Bosch, 2009).
Second, in vivo time-lapse imaging
experiments demonstrate that stem cells
preemptively escape from degenerating
EN and CI niches and migrate into newly
formed CI niches in newly formed buds
via blood vessels. Dye-labeled stem cells
from degenerating EN niches directly
contribute to somatic tissue development
and formation of new CI niches in newly
formed buds, and dye-labeled CI cells
migrate within the same CIs—between
CIs on both sides of the same endostyle
and new CIs in newly formed buds—indi-
cating that stem cells in EN and CI niches
behave differently regarding their migra-
tion patterns. EN cells only contribute to
somatic tissues (Voskoboynik et al.,Developmental Cell 242008), and stem cells from degenerating
CI niches contribute to both somatic
tissue development and germ cell line-
ages in the new buds, indicating that
stem cells in EN and CI niches have
distinct developmental potentials. This is
also consistent with their different expres-
sion profiles.
Third, transplantation experiments
further verify that CIs contain pluripotent
stem cells that are indeed capable of
long-term self-renewal and that con-
tribute to somatic tissue regeneration
and germline lineagemaintenance. Trans-
planted dye-labeled EN cells engraft
newly formed CIs and contribute to
somatic tissues for at least four blasto-
genic cycles; in contrast, transplantation
of CI cells into genetically distinct colonies
produces colonial chimerism for up to 16
blastogenic cycles and both somatic
tissues and germ cells. Therefore, these
findings demonstrate that CIs provide
the niche for maintaining pluripotent
stem cells that regenerate somatic cells
and germ cells. Based on differential
contributions of EN and CI cells to stem
cells in newly formed buds, it is likely
that there are at least two distinct popula-
tions of stem cells in the CI niche: one
population that only contributes to
somatic tissues that originate from EN
cells, and the other population that con-
tributes to at least the germ cell lineage
that originates from CI cells. This can be
definitively addressed by real-time
imaging of in vivo dye-labeled single CI
cells. In addition, live imaging in combina-
tion with transplantation and RNAi-
mediated knockdown can be used to
investigatemolecular mechanisms under-
lying stem cell self-renewal, differentia-
tion, and migration, as well as niche
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plays a pivotal role in anchoring stem cells
in the niche, as shown in the Drosophila
ovary, where loss of E-cadherin leads to
rapid departure of stem cells from the
niche (Song and Xie, 2002; Song et al.,
2002). Cadherin is expressed in both the
EN niche and the CI niche of Botryllid
ascidians, and RNAi-mediated cadherin
knockdown leads to morphologically
disorganized EN and CI niches and
premature release of stem cells from CIs
into circulation in blood vessels, support-
ing the idea that cadherin-mediated cell
adhesion also probably keeps stem cells
in the niche, as in the Drosophila ovary.
This observation also raises the inter-
esting possibility that cadherin expression
might also be downregulated at the late
blastogenic stage to release stem cells
from degenerating CIs into circulation. In
addition, cadherin-mediated cell adhe-
sion might have an additional role in the
regulation of stem cell mixing and compe-
tition in Botryllid ascidians. When histo-
compatible colonies are fused, stem cells
from different colonies are mixed via
circulation and compete for homing to
new niches, wherein ‘‘winner’’ stem cells
outcompete ‘‘loser’’ stem cells and take
over the niches, called parasitism (Stoner
and Weissman, 1996). Recently, E-cad-
herin-mediated adhesion has been shown
to be essential for germline stem cells in
the Drosophila ovary to compete for niche
occupancy based on their cadherin levels
(Jin et al., 2008). It will be of great interest114 Developmental Cell 24, January 28, 2013to test whether stem cell competition is
controlled by their varying cadherin
protein levels in Botryllid ascidians, as in
the Drosophila ovary.
Piwi has been shown to be important
for maintaining germline and adult stem
cells in various organisms (Juliano et al.,
2011). Interestingly, cycling stem cells in
the CI niche express Piwi, and Piwi was
shown to regulate whole body regenera-
tion in Botrylloides leachi (Rinkevich
et al., 2010). Rinkevich et al. (2013) show
that RNAi-mediated Piwi knockdown has
no effect on blastogenesis other than
reducing the rate, but it ultimately causes
the regeneration arrest phenotype due to
gradual loss of cycling stem cells. The
functions of Piwi include controlling Piwi-
interacting RNA (piRNA) production and
epigenetically or translationally regulating
gene expression in many different organ-
isms (Juliano et al., 2011), so it remains
unclear how Piwi maintains the function-
ality of stem cells during Botryllid ascidian
regeneration.
In summary, the study by Rinkevich
et al. (2013) has established CIs as niches
for harboring stem cells that are capable
of self-renewing in the long term and
migrating from degenerating CI niches to
new niches in newly formed buds to
contribute to both somatic and germline
lineage development during regeneration
in Botryllid ascidians. In addition, cad-
herin and Piwi have been demonstrated
to be required for keeping stem cells
in the CI niche and maintaining stemª2013 Elsevier Inc.cell self-renewal in Botryllis ascidians,
respectively. Along with previous studies,
this study has established Botryllid ascid-
ians as a model system for studying stem
cell self-renewal, germline versus soma
differentiation, circulation, stem cell-niche
interactions, and stem cell competition at
the molecular and cellular level.REFERENCES
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